
RESEARCH MEMORANDUM 

ALTITUDE-CHAMBER PERFORMANCE O F  BXTISH ROLLS-ROYCE 

NENE II ENGINE 

N - EFFECT OF QPEERATIONAL VAR3ABLES ON TEMPERATURE 

DISTRXBUTION AT COMBUSTION-CHAMBER OUTLETS 

By Sidney C. 'Huntley I 

t Lewis Flight Propulsion Laboratory 
Q) .. .1 W 2 al .. . .  . Cleveland, Ohio . " . .. 

. " - 2: : ." ... 

= f .  

- - :T' ' &$TIONAL  ADVISORY COMMITTEE 
z - PI 

. .  
=.I 

FOR AERONAUTICS 
' WASHINGTON 

July 3, 1 9 9  



. 

By Sidney C. Hunkley 

h5n"mY 

Temperature m y s  were made at the cambution-chamber outlets 
of a British Rolls-Royce Nene U engfne. The highest man nozzle- 
vane temperatme and man gas temperatures w e r e  found t o  oocm at a 
radius appmmtely 75 pement of the nozzle-vane length from the 
inner ring of the nozzle-vane assembly. Variations in engine speed, 
jet-nozzle  area,  simulated  altitude, and simulated f l i gh t  speed 
altered  the  temperature level but  dfd  not  materially  &ect the 
pattern of radial  temperature distribution. 

The temFrature  diatribution  at   the combuatian-chamber outlets 
of a turbojet engine may be considered as one criterion of combustion- 
chamber performance. Inasmuch as nozzle vanes and turbine  blades 
are  affected more by local  gas .temperature than by average gas tem- 
perature, the temperature distribution should be considered in the 
combustion-chamber design. After the design pammeters have been 
selected,  the  effect of operational  variables on the temperature dis- 
tribution must be  considered. Data showing the  effect of operational 
variables on the temperature distribution  obtained w i t h  the combustion 
chamber operating as a component of the   mit iah Rolls-Royce Nene I1 
turbojet engine under shulated  alt i tude.conditions are presented 
hereFn. 

The alt i tude pezformance of the  British Rolls-Royce Nene I1 
turbojet engine has been determined in an investigation conducted in 
an alt i tude test chamber,at  the MACA Lewis laboratory  (references 1 
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t o  3). During a part of the inveetigation, radial temperature s u r -  
veys were made at the cambuetion-chember outlets of three combwtion 
chambers. Them temperature surveys, together wfth surveys obtained 
during a e ta t i c  sea-level investigation with three different s i z e  Je t  
nozzles (18.75411. diameter, 17.7941~ diameter, and 21.88-in. diam- 
e ter ) ,  are presented herein,. The radial temperature distribution 
along the leading edge of the nozzle vmes fe presented for rangss 
of engine sped and jet-nozzle diameter for two alt i tudes and two 

ombueticm-chamber outleta, 88 meaeured by bare chrmel -a lumel  
thermocouples, is also presented f o r  the sea-level  conditions. 

fli@t 8 p e d S .  Radial  di6tribUtiQn O f  gaa twr&&W &t the 

The turbojet engine used in  this inveetigation is rated at 
5000 pounds thrust at  static sea-level conditions a t  a rotor 
speed d 12,300 rpu with an 18.75 -inch-diaJmeter j e t  nozzle. 
The engine was mounted on a sea-level pendulmn-type t e s t  atand 
(fig. 1) for a part of the investigation and in an altitude 
chamber (fig. 2)  for the  invefltigation at sfmnlated-altitude 
conditione. The engins, al t i tude chamber, and general Fnetru- 
mentation &re described in reference 1. 

. .  

Four c-l-alumel thermocouples were installed on the 
leading edge of each of the nozzle v & ~ e s  downstream Os combuatian 
chambers 1 and 2. (See fig. 3 for numbering of combustian 
chambers.) $Qure.4(a) ehawe the location of these themnocouplea. 
The position of the nozzle vane8 with respect to t h e  canbustion- 
chamber outlets is ehown in figure 4(b).  The thermocouple l e a b  
were brought t o  the outer cj;rcmarenoe of the nozzle ring through 
passages dri l led in the vanes in order to minimize interference 
with the flow of gas  between the -a. . 

Gas temperatures a t  the combustion-chmber outlet w e r e  meaamd 
by bare chromel-alumel thermocouples located i n  combustion chambers 2 
and 3 .  Five temperature-meaaurlng rakes, radial  w i t h  r e spec t  to the 
axis of the engine, were located acrosa each outlet! Each rake con- 
sisted of f ive  thennocouplea equally spsced, ae s h a m  In figure 4(a). 
Flgure 4 ( c )  shows the circumferential location of the temperature- 
measuring rakes. . .  

In addition t o  the temperature-measuring mlses in two of the 
canbustian-chamber outlets,  ei.&Le thermocouples of' the bayanet type 
W a r e  fnetalled a t  the center of each of the other seven outlete. The 
thermocouples  and the rakes are  shown in f s,@;trre 3. 
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The turbojet engine was operated at sea-level conditions with 
three different jet-nozzle  sizes:  (a) 18.75-inch diameter (design 
area) , fb) 17.79-imh diameter (90-percent  design area), and 

-(c) 21.88-inch diameter (l36-percent design area). The engFne 
s p e d  vas varied  with each Jet nozzle f ran  idling speed to a 
speed limited by the  attainment of maximum allowable  tail-pipe 
temperature, as  speoified by the manuf'acturer. Temperatures 
were recorded at  each engine speed. 

Because of limited facilities, the gas-temperature rakes 
were  removed pr ior  to the simulated-altitude runs but temperatures 
indicated by the nozzle-vase thermocouples were  measured ov8r a 
range of eng- speeds a t  a s m h t e d   a l t i t u d e .  of 30,000 f ee t  
and ram-pressure ratios wrrespondlng to flight speeds of o and 
620 miles per hour. In a l l  runs at altftude,  the 18.75-inch- 
diameter j e t  nozzle and a m i n i m u m  engine speed of 10,OOO rp were 
used. 

DISEIIBU!I!IOI? 

Gas temperature. - Typical data obtained from the rakes 
mounted in the  outlets of' the two combustion  chambers a r e  
shown in f i@;ure 5. These data were recorded f o r  a r o t o r  speed 
aP approxlmately 22,300 r-p under s t a t i c  sea-level conditions 
and with the 18.75-inch-diameter Jet nozzle. The average values 
for a l l  recorded SB temperatures ia combustian-chamber out le ts  
2 and 3 were 1446O and 1466O P respectively. The tempemtures 
at  the  ceneers of combustion-chamber outlets 2 and 3 were 

average tempemture of the  respective outlets. 
' 1460°  and 1424O F, respectively, which are within 4Z0 F of the 

The variation fn centrally measured outlet gas temperatures 
over a range of engine speeds frao 4000 t o  12,000 rpn with  the 
17.79- inch-diameter . j e t  nozzle a% static  sea-level  conditions 
is presented in figme 6. A n  average c m  is also sham in t h i s  
figure. The temperature distribution from canbustian chamber t o  
combustion chamber a t  the  center  point approached uniformity 
above an engine speed of 10,000 rpm, showing less than l25O E 
deviatian f r o m  the average  temperature. The data obtained at  
engine speeds. below 10,000 r ~ p n  showed oonsiderable  disparity amang 
the temperatures  indicated.  Thie  condition m y  have been caueed. 
by differences in fuel-air  ra t io  of the  several combustion chambers 
at low engine speed. 
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The thermocouple  readingrs at each ra'a-ius for the two combuation 

chambers w e r e  averaged  to  obtain a mean  radial pttern of temperature 
distribution f o r  each engine speed. The resultiw radial  temperature 
distribution  is ehown in f i g u r e  8 for the gas in the  combustion- 
ohamber o u t h t s  and f o r  the leading edges of the nozzle van08. 
C u r v ~ s  mre made. for opeYatian at several engins speedrs under 
static ~ea-level operation af the turbojet engine uith the  18.75-inch- 
d-eter j e t  nozzle. 

The hi@~eat m k  @e temperatures and mean nOzZh-vane  tempera- 
.turea occurred at a radius approxiznately 75-percent of the nozzle- 
vane length frm the inner ring of the nozzle-wtm assambly (fig. 8 ) .  
The radial temperature gradient$ in the nozzle vebnee were not as 
'great a s  those in the gas ekream. Variation ip engine speed fmm 
'10,000 t o  12,300 rp altered  the temperature level  but did not 
materially  affect  the radial pattern of . .  temperatwe  distribution. 

E=t"Pect of charge in jet-nozzh area. - me variation in mean 
temperature  along the  radial distance from the inner to the ou te r  
oiroumPerence of the nozzle rings f o r  the nozzle vanes wae selected 
as representative of the  effect'& change in Jet-nozzle  area on 
temperature dLatribution. The pattern of temperature dietribution 
vas unaffeoted by change in Jet-nozzle  eize ov8r the raclige of 
engine epeeds investigated (fig. 9 ) .  When the  21.88-inch-diameter 
Jet nozzle waa used, however, the looatick of peak temgerature 
were not-as clearly defined. I k t a  were not obtained for an engine 
speed Crp 10,500 r p n  wlth  the  136-percent  design-area  jet nozzle. 

. .  . 

examined to-determine the effect. of ohan& in altitude  and  flight 
speed on temperature dietribution. The pttern cxf t c p r a t u r e  
diStr ibUti0n ealom the leasing eage the n 0 z Z b  vanes is 
essentially the same at an altitude af 30,000 feet a8 at sea-level 
(fig. 10). At an altitude of 30,000 feet, the same pattern is noted 
at a flight sped of 620 miles per  hour as that  at 0 miles per hour. 
The pattern of temperature  distribution  along  the  leading edge of the 
nozzle vane8 may theref'ore be considered  independent  of  altitude and 
flight apeed. . 
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SIIIQMRY OF RESULTS 

An elcperimental  lnvestigation of radial  temperature  surveys 
at  the  combustion-chamber  outlets and on the leaalng edges of the 
nozzle vanes was mde on 8 British  Rolls-Royce N e n e  11 turbojet 
engine.  The  peak of the mean *dial patterns of temperature 
distribution of both the gae and the nozzle vanes occurred  at a 
radius  approximately 75 ppoent of the nozzle-vane  length from 
the inner ring of the  nozzle-vane aesambly. 

S 

Variations in engine speed,  jet -nozzle area, sbmlated altitude, 
and simulated  flight speed altered the temprature level  but  did 
not materielly affect the radial pattern of tnmperature 
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Hozzls vane 

R a k e  

xi th  respect to cmfbuatlon-chaniber  outlete. 
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Distance from bottom a f  combustion-chamber outlet, percent; 

( a )  Combustion  chamber 2. (b)  Combustion chamber 3. 

Figure 5. - Gas-temperature distribution  at combustion-chamber outlet .  Engine speed, about 
12,300 rpm; 18.75-Inch-diameter jet nozzle; static  sea-level  conditione. P z 
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Engine speed, rpm 

y cent ra l ly  located thermocouple a t  various engine  speeds. 17.79- 
. - Temperature of each combustion-chamber o u t l e t  as measured 

inch-diameter  jet nozzle;  s t a t i c  sea-level  conditione.  Typical  data 
s h o r n  for oombustian chamber 6 .  
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Vane 
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Dlatance f r o m  base of nozzle  vane, peraent , 

( a )  Combus.tlon chamber 1. (b) Combustion chamber 2. 

F l w e ' 7 .  - Temperature distribution on leading edge of n02ela vanes. Engine speed, about 
12,300 rpm; 18.75-Inch-diameter j e t  nozzle;   stat ic   sea-level   condit ions.  z 
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Dlstanoe f m m  base of nozzle vane or oombustion-ohamber out le t ,  peraent 

( a )  Engine speed,  10,000 rpn. (b )  mine speed. 10,500 rpa. 
Gas stream ""_ lioossle vanes 

Distanae f r o m  baEe of w z z l e   v m e  OP mmbustion-chamber out l e t ,  peroent 

( c )  Engine speed,  11,600 rpn. ( d )  Engine speed, 12,300 rw. 
Figure 8. - Temperature dlatrlbution in  gas stream of oambustion-chamber out le t  and on leading 

edge of nozzle vanea at  sevepal engine speeds. lB.75-inoh-dlameter je t   nozz le;  s t a t l o  sea- 
level  condltlans.  
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( a )  Engine speed. 10.000 rpm. (b) Engine  speed, 1 0 , W  rpn. 
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( c )  Englne speed. 11,600 r'pa. ( a )  Tall-plpe  temperature-llmlted  speed. 

F l y r e  9.  - Effect of change in jet-nozzle  dinmeter  on  temperature  dLtrlbution  along  leading 
edge8 of nozzle vanes at   several  enqfna speeds.   Stat ic   sea-level   condlt lona.  
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Figure 10. - E f f e o t  of ohanges in altitude and f l ight  speed on temperature distribution along 
1eadlng edge o f  MsZle vanes a t  BeVeral snglne EpeedB. 18.76-Inch-dlmrter j e t  mszle. 
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